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bottom and of save ' ' formation are not treated here. $Gfi 
torf's oxcelleat'experimonts on theso phases of the prob- . . . lem (reference8 2 and 3), although necessarily limfted to 

: re1attvel.y few spoehs'and loads, give adoquato information a on tho'phenqmona involved and offer a aoun'd=basis fo% fui 
ture theoretical work.* - _. . . . ~ 1 >.-. .__ : .._ .2 

The tests covered in this 
. . ---_ 

report were made In the' 
N.A.C.A. tank during November 1233. They l.iiGha~, f%f@e 

'-moasur.ements on four planing surfaces allmhavfng a.beami'. 
of.16Sfnchce but'varylng fn dead rise from.Oo to'30°.by 
10° increnente. Tho results are directly.applicable to'.-. 
'the design-of planing boats havfng straight .V bottoms, y-..' 
and also offor a neans of determining the effect of dead': 
rise, tinobscured'by the influence of the other design ": 

- dha'racterlstids of an actual boat hull. (See reference&6'.) - 
. .I . ._.. I __ -: -_ _. -.. , ' :* ~ _ ---+7 
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_ -- APPARA~V$ .mTD .PR.OCED.URE ,, _ _. ;' _ ,, _ _ '1.1 __ ': 
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. : . -_ : - 7 -. 
A&aratus;- 

- -1 
T&e N:A.C.A. tank, 

experiments w.ere coaauoted; 
fn.whfch the pr,esent 

fs described in'detail in ref+ 
erence i. The apparatus uSed In the planing-aarface tetts .-- 
has been alterod somewhat from that described in the refm- --'; 

ence. The prlncfpal change..ls,i,n $he method of suependiw 
the model. The present arrangement is sho~z?~~he'matTi5ally 
In figure 1. St ie eonowhat more compact thaq-$_he old_er:g" -. 

I ..--._ 
form of towing gate, and elinfnatee the aeceeslty of co-r- =: 

reotfng for interaction of the load, reeistanoe, and trlm- 
ming monont on the varlotie measurementa. The entfre gear 
is suepended by two tapes connected to the counterweight 
dashpot and rieee and falls as a unft, ;instead of being 

'pivoted at one end. In the prev’toy apparatus the reao- __ 
._ZM___ ; ..- 

tion applied to this pfvoted end by,,the pftching moment bf * 
the restrained model caused an error in the load'on the ' .- 
water .that was-n'eglfg%bly ema for seaplane hulls, but - 
became serious for 'tho planing aurfaees becF%~s'~oP the 
wide range of pitching moments encountered. 
ont apparatue this error $s not preeenti- 

Ih tke pree- 
The- vert3cal 

counternef~ht.s. shdwn,'$n figure 1 were.added to reuovo the E 
effect of any slight acceleration of tho..carrl.age during 
the test run. The weight of the mo.dsl and. gear i-8. so great 
compared to the res$stance.being "eae>r_edLtJ$t a consistent, .*.-, 
acceleratfon, Llthough..so .small' aa. to be-. impti-FcepXi.blie-, o@' ' .' f 
the e-peed record. wtll Lcause ab:'appr$d%able. error on the : 

resistance record if the syetem ie.not ba,lanced~~a&afnst . . 
I. 

longitudinal aocelerations. 4 . -- - 
--. B 

..’ I __ : ..-.- 
-y ‘-I=. 
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. . ._ 
'The apparatus used ta meaeure the trfm angle and mo- 

mepts in these tests is similar to that desoribod In ref- 
eren+o 7. Tho model Is rostralnod by a flat spring oon- 
trolled by means of an electric cot!-r. The _~oeU&m of _ . . ..- - . ._.- - - 7.' __._ 
the spifng 'Ts%set by-the observer to hold the model at the 
deslred.trlm angle! The deflection of-the spring from lte 
free position IS. calibrated to give the trimming moment 
imposed on the model. 

i' 
I -- 

r.'-. , 

. 
_- 

! : 
. ' 

_ -.-- - .--. 
Eodele.- The, prtnclpal Mdimensi_one Q#'-the planing sur- 

faces used In this fnvestigation are shown in figure 2. 
The models were made of mahogany, and the bottom surfaces 
were ffnlehed 71th gray enamel. Transverse stripes spaced 
2 inches apart and min6erod to correspond to the dlstande 
from--the trailing.edgo In Inches were pafntod on the bottoms 
of the models for the purpose of reading the wetted length. 
The bottoms of all models consisted of plane surfaces, ln- 
tersocting fn a sharp edge at the kool for the three V- 
bottom models. 

procedure.- The experiments were.oonduoted fn the . 
same manner as that used for l'completetl tests of flying- 
boat hull6 at the N.A.C.A. tank. The procedure, described 
in reference 8, tioneists of-running the model at a tiertee (I 
of predetermined speeds, loads, a'n'd trfm angles, and meas- 
uring.the resulting resi.stance, trimming moment, and draft. 
In the present tests the wetted length, or distance from 
the trailing edge to the farthest forward point in contact 
with the water, was also read. In the' case 'of the 'V-bottom 
surfaces this 9oLnt of contact Is sharply defined as the 
intsrseotion of- the-keel with th~zf'_re--~at-er -q&rfac,e j&n,@. 
was read in a mirror set ciose' to .the water surface sever- 
al feat to one side of the model. The flat surface, ho?- ._ ._ 
ever, builds up above the free-rrat'eti eur%ic% a s&xii. 
llrO1ll' of .water, which emerges from the sides in the form 
of spray. ?he wetted length for the flat surface was read 
on tha side of tho surface at 'the forward portion of this 
emerging spray. Sottorfls experiments (reference 2) show 
that the curvature of the intereection of the roll of.wa- 
ter with the flat surface Is yery slight across the beam 
and that this method of readfng the.wetted length gives 
results whioh are satisfaotory for'design purposes.. 1 

a 
Test s chedule.- The stihedule of laade, speeds: and- 

trim gggles was determined to conform'to the range of 
L 

--.-...-A - 
these variableis' ii3t in fl~~g-boa~'practice. At the low 
speeds and heavy loads cor'reepondlng to the floating con- 
dition for a boat hull measurements were, of course, im- 

t 

-- c 
I 

..-. ... ... I ! .. . .. ._ ... ..... ... 
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possible. The lower limit of aReed for a given load was 
determlned in the case 'of low trim angles.by the wett*ed 
length,a~proaohing th.e'over-all iength of the model and, 
In the case o'f high trim angles, by the, tendehey 'of the.' 
wave.at the side of the tiodel'to fall inward and foul the 
stern bulkhead. The latter oondition.oorresponds to the 
lower limit of the planing conditioh.as~def'ined In the in- 
troduotion to this paper. Higher loads con'ld have been n. 
carried at low trim angles lf.longer surfaces had been -1 
used; the 'length chosen, howover, is alroady somewhat . 
greater in proportion to the beam than. that of the longi- 
tudinally straight portion of most flying-boat hulls. 
The upper limit of speed was chosen'to correspond to the 
av'erage get-&way speea'of flying boate. In the cas'e df 
the flat surface operating under light loads, an upper 
limit of the speed was fixed by ths fact that the model - * : 
started chattering on the water surfaoe when the'wetted 
length"bd&'afie very short. The resulting motion was a rap- 
id vfbration'in pitch of sufficient violence to pWv43nt 
accurate measurements. The tests at the heatler~loads 
were carried out to high..speeds In all cases.’ This con- 
dition is not of intorest iti a flyingAbo_at hull bscause 
the wing lift reduces the load at high speeds,'but it .'. 
does represent the case of-a planing sur'fass' i:raft agd is I 
of some value in the general study of planing;';pheaomena. .-.._ - . . I 

Tare uorrections.- The wfndag'e tare for -these tests Mm 
was determine'd with the model attached'to"ths towing gear. 
The trim angle was set at 0' and the height was adjusted 
so that the keel oleared the water by 2--inche's.' Several t 
trim angles and +ater clearancee wer'e tried, and the ef- 

i 

feet of changes.in these quantities was found to be small 
for trim angles us to 8O and water clearanoee down to 1 
inch. This method of determining the windage tare differs 
from that used in tests of seaplane-hull models in that 
the air drag'af the model is not included in.the water 
rssistanos.~ Tha'water reslstanoh does include, however, 
the interference between the bottom'df the model and the 
water when the surface is running on the water. This pfo- 
oeduro seems to be logical, because a siiilas lziterfer- ' 
enoe is present in the case of a plsning boat running on 
the water. No attempt wae:ma+e to determine the tare ef- 
feats of air forces on the trimming moment. The moments 
used In the'flnal aamputations are.those acfuir.lly measured 
on the models, corrected only for'the:;a'omlnt about the 
poin$ of suspension produced by their woighte. - . . - 

I -,. : .-_.-- -- - _. L, 

.- _.- 
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&a~ The corrected V81YOB of resistance, ret- T-9!kl.) ted length center of pres6ur.e (c.p.), and draft 
for each speed, l:ad, and trln angle are given in tablai 
130 IV for the four mod&la. The.valnea given are-the 
direct obeorvations for each.test point with she excep- 
tiqn,of the resietanco and the centor of proesure. The 
canter of Freesure was detersined graphically from the 
known trimning moment and~.load-ros'istanue ratio 8s the 
l-n:tersection'of the resultsnt water force with the keel 
llno pf the model, and ia given as the distance in Inches 
fron this intoreection to the trailing edge of-the bottom. 

The data given fn the tables, w%th the ercoption’of 
the drafts, are plottod In figures 3 to 12. The resist- 
ance vnluee read from the curves in theee ffgures were 
.cross-plotted against trim angle tc determine the nfnimun 
resistance and the best trim angle for each load at a se- 
ries of eeleoted speeds. The wetted lengths and centers 
of pressures for the same loads and speeds were then de- 
termined for the best trim angles from cross-plots of 
these quantfties against angle. .TBe reaulte of theee op- 
erations were reduced to nondfnenslonal form, and are 
presented as curves of reeistapco coefficlont, best trim, 
angle, wetted length, and center of pressure, all plotted 
sgafnst speed coefficient, fn figures 20 to 27. The co- 
.eff3olente are the saL:e as those ueed in the analysis of 
the test results of flying-boat hulls. (See reference 8.) 
They conforn to Vr.oude'a law of sinllitude, and are de- 
fkned as follows: 

Load coefficient, 

‘Beefetance coefficient, CR = B 
wb= 

. __ _. . - - - 
. Speed coefficfent, 

vhero . - _ - .-. _- -- __ _ __.- --- '- ___ - -" 0 
A is the load on the water, lb. 

_ . 
R, resistance,. lb.. . . . . . . 

‘1 

-. 
0 

_r 
9.. 

d.! . 

. 

c 
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WS m weight density of water, lb./ca'.ft. 
(63.6 lb./cu.ft. for water in X.A.C.A. tank) 

3, bean, ft. 

V., epeed, ft./sea. 
. 

QI acceleration of gravfty, ft./secaa " 
-. 

. 
The wetted length and center-of-pressure distance fn inches 
have been dlqlded by the.beam in inches to reduce these . quantities to nondimensional form; .The reetilts given in 
figures 20 to 27 may thus be used with any other consiet- 
ent system of units. .--- _ . _ _ _ , . 

Precieion.e- The apparatus used in the present tests 
givea measurements that are correct within the following 
l.fnite: - ._. 

- 
c , Load on water +0.3 lb. 

.. ..4 
:&:'A lb. _. 

. Resietance .. 
l . 

I 

Trfnning m0nen.t Al.0 lb.-ft. 
-.-.. _ 

Draft &..l in. p --. 
mm 

.. \ 
Wetted length Etl.0 In. -:-.., _.~ 

- .- 

Unsteady runnfng of the modele causee the eC8ttQfing 
of the test polrsts to be somewhat greater than these v&rib 
atione .in D*rticular caees. The accuracy of the values 
of the centcr-of-pressure location dapende upon that of 
the trfnning-monont roadlngs. ?For a load of 80 pounds, 
an error of 1 pound-foot causes"-8n error d’f l/80 foot, or 
0.16 inch, In tho ceyztar-o$-pressure locatfon. The sane 
error in trir.ning Eoxnt,"hcwever, ca?xsesXn error of l/5 
foot., or 2.4 inchas, fpr a lo&$ of 6 pounde.' The ecat- 

I tering of the .values of center-of-proas%ire location Is c consequently large for the lighter loads, and the-cXcvBs 
of this quantity for l&ads less than 20 pounds have been _ 
omitted In some cases. .- 
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DISClXSIOI? 

B_arfatiozae wPfth- sUeed,- The trend'of the curves of 
resist*nce, wetted length, and center of F$~saare against 
apeed may be seen In ffgures 3 to'27. For low angles of 
dead rise, the rbSist&nCO for 8 g+Ven 1088 8nd trim angle 
tends, in general, to decrease vlth increasing speed. 

. With fncreased dead rise this tendency disappears and the 
cur%es for.. model 30, having tho highest do&d-rise angle 
tested, show a pronounced fncroase in rosistanco with in- 
cronslng spood. The wettod 1,engt'hs and.dfstancee from the 
trafling edge tu the cehters of ,pressure docreaee consist- 
entlr witIi fncreaslng spoad for all loads, trim angles,. 
and angles of dead rise. The trim allele To giving mint- 
mum resietance varies only slightgp with speed for all the 
plate5 except model 30, having. 30, dead rice. For that 
model, To fncreases with speed through a range of about 
2' when the epoed coefficient is increased from 2.0 to 6.0. 
The tendency of 7. to romafn nearly constant with speed 
is contrary to the results obtained from flying-boat tests. 
The apparent discrepancy may be ascribed in part to the ef- 
fect of the afterbodys The greater portion of the diffor- 
ence, however, probably arises from the fq.t t&at the bluff 
bow of tho boat hull runs In the &ter at low speeds and 

. low trim angles,. causing hlgh.seBiBt&nCe. Consequently,. 
for 8Ie0d coafficlerfts between 2.0 ani: 3.0 Increasing the 
trim angle of the hull reduces the.reslstance by lifting 
the bow out of the water. The plenfng surfaces within the 
llmite of their over-all length are not subject to this 
cause of high reefstance at low trim anglos, and conso- 
qnently tho optimum value of the trim angle la somewhat 
lOWor than that for 8 boat hull, At highar spoods,.whore 
the planing bottom of the boat hull Is long enough to keep 
the lOngitUdin&lly curved Fortion dloar, the values of the 
bost trim angle for the hull8 and planing eurfacos agree 
fairly well. 

~&ri&t~One With.dead rise.- 
and trim angle, 

,Fo+ 8- gi,yen -@peed, load, 
an increase i'n the dead-rise angle general- 

ly causes an lncreaee In the resfstpnce, wetted length, 
and d3stance from the trailing edge to the. center of pres- 
sure. There is also a deffnife fnoroeee of the trfm an- 
gle gfvfng minimum resfstance with Increasing doad rise, 
as may be seen in figures 20 to 27. Tho effect of dead- 
rise angle on the load-rosletanco rat10 Is of p8rtlcular 
Intereat in seaplane deeign, because of the necessity of 
keeping the landing chock as low as fs coneietent with 
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'-. -go-o'd planing characteristics. Figure 28 shows the effect " 
. of dea+kfse angle on the ioa&-resietance ratio for a num- 

ber of valuee'of the sFe8d a.nd loah coefffciente. It will 
'"be seen that, Lli'gencral, the emallor dead-rfae anglee. 

gfve.hlgher valuee of A/a. 
SC $rb&kiceh at high apegde. 

This effect ie particularly 
. - .I, -- * . . __._, . 

.I. I ..D_eveloriment of ulaning'coefficient.- Iik order to fa- 
.~c.ilitate the uee of th8 test r8eults'i'ti bbslgh .wo>%-, -ti8*' 
.rto provide a mean8 of extrapolating' to hfgher apeede and 
loade than those teeted, the valuee.of load-reeletance 
ratio, wetted length divided by beam, and center-of-pree- 
pure dlstance dlvided'by beam are plotted agalnat a plan- 
lng.cosfffcient .- - .-' 

- 
R r= - 

A. .- - -:._ __ 

- --- + p va 2 1 .- . _. 

in figurde 29 to 32 for the four planing platee. The co- 
effigfent... K- ie,based'upon the formulae doveloptid by 
Schrodez In reference8 9 and 10. The aeaumptions involved 
in Schroder's formulas arc that. in tho planfng condltfon 
the offdot of gravity forces on the flow may be noglecre& 
and that tho.frictfon coefficient &oee not change wfth 
apee&. All of the load fe thue aekined to be carried by 
thsdynamic reaction of the water; hence if the ratio of 
ma Is held constant for a gfven plate form, Size, and 
trim angle, the value9 of A/R, w.l./b, and c.p./b 
will ale0 remafn constant. The coefficient ia, made non- 
Bimenelonal by divfaing A/V’ by pb'/2 where la 
the maes density of water and b the beam, and 1: thfe 
form ft appliee to any eine of plate. The relation be- 
tween K and tiie COcffiCi8nt6 CA and cv may be shown 
a8 follows: , 

-her0 

then 

i 

- 

.- 

-_: 

1 

K 5 

p = dg. the mase d.eneity of wat'er, eluge/cu.ft. 

A = CA wb= 4r -. _ .- 2 _ -.-- 

v = cv d-c--- . . . *. .. ; .., ~‘r -;,::+y y- z _ :,-.,I.+ 

CA ti<” 
. . . .. _ . 

=A 
- 

K = - =2- ~ 1 
L-w- CV= 
2g 

Cva gb" 
I. m .-. 

- -- 
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'When hnlls of the aam form but of different eige ara 
comj+rea according to Froude's law, that ie, with the val- 
Ues'of CA and Cv the ElamQ in.the two cameB, the value 
of' K wlli also be the same. Tho conTert38, howQvQr, fe 
‘no’* true , 'eince a glvan vslue of $ may corr-espona to any 
Values of 
2C@& 

CA and CV that gfvo the correct ratio of 
The UBQ of this planing coofficlont ie thu8 con- 

f1no.d to caaee in tihich tho effQct of gravity, and thore- 
for8 the limitation6 .impoeed by Froudo’s law, can bo zleg- 
l'ec t od. Tho point6 shpwp,i-n-flgprcw 29..fo 32 vaz%' calcu- c 

, lated from the ourvek of figures 20 to 27 for a serloe of 
ValU8@ Qf CA and Cv. Tho acattoring of the pointe fe 
an indication of the validity of.the aseumptione invOlVcd 
in the development of tho planing coof-f-lclent K. It may 
bc Hoon that the scatterhg le chlofly confined to the 
point0 for emall values of CA, corroeponding to a rola- 
lively high proportfon-of hydrostatic lift an tho planing 
Plato. The pointe for the*hlghor valuce of CA 1%~ rosa- -- 
onably close to the mean curves, thue lndi.catlng that the 
curve8 may be used to detormlne the value8 of dRL- ret- 
ted length, and'center of prossurf for hfghcr yaluoe of 
CA 'and CV than thoeo covered by the present toate. Al- 
though tho curvo8 of figuroa 29 to 32,givo only the r&-"- 
suits for the bost trim angloe, the 803lQ Pothod may be 
ueod to OXtrapOlate the tcet rosulter f’pr -gapy* dthor trim 
to Valuee of loa asrd sF'ee& grQatQr'than thoeo toetud. 

T,ho calculatlonk'fbr eevoral typical caeo8 qlll bo 
given horo In orddr to show tho agglicatiqn of. the roeulte 
to deeign problame. 

(1) Th8 forsbody of'8 flying boat havlng.2Q" doad 
rise carries a loail of 10,'OOO Pounda at 56 feefr per eecond 
on a 'I-foot beam. Requ3rkid to .f$nd the lolP8st trim angle 
that will hold the wetted length to 7 fQst on the longltu- 

l dlnally etraight planing bottom, an& the corroeponding re- 
eietanoe aua cexiter of 

P 
r088uro. 

result8 (ffge. II to 14 , wQ have 

subscript m repregent@ model condition6 and eubacgipt f 

the full-scale condltiohe, than 
10000 = 

._ 

144.6 69.1 lb. . 

. .- *I 

- ! 
I ; ’ 
I 
I 

, 
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(w.l.)m = $ G = 1.0 X 16 in. = 16 in. 

Interpolating between the *&ted lengtbe for 6a 
pounds and 80 pounds at 7 = 8' and T*= 24.0 fe'et per 
ao'condl(fig. 13) the wetted length for A = 69.1 pound8 
is found to be 17.2 inchee. '!Che trim angle required to 
g:ive a wegted length of 16 Wlohee le thus alightly grbat-, 
er thqa 8 . A similar interpolation for T = 10' givoe 
a wetted length of 12.6 inchee. Interpolation between 
thetie tjo valuoe chows the trfm angle for a wetted length 
of -16 inches to be 8.6'. The value8 of Rm and (c.p.), 
for - A.= as'9.1 .pounae are next found by interpolation for 
anglee of 10.' and 8'.. Croee curves of these valu’ee, in- 
terpo&ated to T --..8,& - give -- .-_ -. : 

li.0 lb. I 0 9 p*.9* 1 m E 7.8 iAm '.'-A _:c 

from 'wh%oh I - _ -- -__ 

Bf = 12’.0 = 12.0 X 144.6 = 1,740 lb. ~ 

and 

(C*P& = 7.8 in. (2) = 7.8X6.26 = 41.0 in. or a.41 ft. 
- 

(3) The forebody of a flying boat having 20' dead 
rfse carriea a load of 10,000 pound6 at 55 fed per sea- 
ond on a 'I-foot beam. Requfred to find the wetted.length 
of longitudinally etraight planing bottom when the hull 
ie runnfng at the beet trim angle, and the cdFrSept3nding 
reaietance, trim angle, and center of preePrure 

- I. 

. . 

. 

-. . 
.-s 

. 

. 

.-. _ __ 

.._ 

.- L_ 

- - -- z-, .. - 

.___ - .- -.. - _ 
- : 

,L 

dA .= w+ = 
10000 10000 
64X?= = 21950 

= 0.457 
. e-p -.--_ - 

Bor theee value6 of CA 
24 and 26, 

and .Cv. , 

-- 
. ..__ ---.-_ 

we find from figurela _ 
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CR = 6.072 a-1.45 y' 5 0.72 To = 6.4' 

then 

B = 0.072 wb' = 0.072 X 21,960 = 1,600 lb. 

w.l. = 1.46 x 7 ='lO,&S ,f,t. - ._ - _ - 

c.p. = 0.72 X 7 = .6.04 ft. 

(3) A flat planing surface (0' dead rise) carriee 'a 
load oP2.000 pounde at 30 feet per eeeond. Bcquired to 
find the beam neceaeary to- give a wetted length of 2b 
nh'en'the eurface Is running at ths beat. trim angl.o, and 
t%e corresponding resistance, wetted Length, and ceator of 
pr8aeure. _.- . ; 

Thd beam ie kknown, hence the coeff'icients CA and 
CV cannot be computed. a-direct eolution, however, may 
be obtained from figure 29. The value of K for 
Kc.f= 2 

b 9.6 0.112. 

- I 

. 

l 

.- - 
(Phi8 solution may,now be ohecked, using' the known 

beam by meana of figuree 20 and 21. 

I 

m. 
: 

‘. 

4 

E = J--P ~ZI ba! for sea wat0r k p = 64 2 x 32.2 = 0.995 
.--. 

0.112 ba 
2000 

= ~Oo_o = - G 20 
0.996 X 30= ba 0.995 x 900 x 0.112 

b = 4.47 ft. 

for K = 0;112, 7.02 and *gp = 1.40 , .T_. 

B = a00 
7.02 = 286'1b. cmp* = 4.47 x 1.40 = 6.26 ft. 

2000 
CA = .-A-A = --- 

64 X 89.6 
=.4L&5 cv = 

for these values of OA atid CV In figures 20 and 21.' 

b 

. 

9 
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13 
. . .1 ‘7 .- .- ,. -- 
._ ah, 

. - 
CR~';~O,C4$" = 2.15 

C.’ *. -, 
y+ = i.46 -/ ,'.. - - 

'4 
I?' . 

I . I . .-- - -. 
R .= 0.0&3'wb? & 233 lb. w;l. = 2.15 b = 9.61'ft. 

__. 
= 1.45 b = 6.48'ft." . - - -.. 

-: 
C*pb __ 

. . 
(4) The"forebody oh a .aeap'l&e-f lo;k i:v&& 3bQ dead -- 

rise carriea a load.of 2,000 pounds 'it 60 .feet,tiier second -_ 

on a beam of -3.6 fee.t.. : Required 'to ffnd the bea't trim 
angle, and the.correapond$ng realstance, 'wetted.'le:ngth,and' - -- 

at bea+ .gnglsb. _, . '. '5:. -. " =- T-- - --. 1 center of preaaure ..- . . _ .- A. 1.. i’- _ - - ._ -. - . . 
- r- 

~~'0.726 - -_._ : ;--s 
- . . ‘. ‘;.*-.-- - -- .. _,_ ‘; _-. , -,. , :-. -. 

$8 outafde the ranga*teSated; hence the - -_ 
_ -_ . . 

iA = 
2000 . 

6.4 X 2i.f 

Thea value of CA 

. 
curvea of figure 32 will be used. -_ 

L _ -: .* . . . ;.: ; .- -. i _. 2 r: .-15-r+ 
. :. . . edbsr -, . . '- e. :... . 

= OrO66.'. 
'-0.995 x'2600~x'12.2 -: .'. .: _,, -'T: 

.1 
\ K= 

* 

. 
for thla value of 

s 
; = 5.1k 

II: .I , - I 
- . _ 

w,l. 
b = 1.63 F = 0.74 

R = 388'"lb. w.1. = 5.36 ft. cmpe = 2.69 ft. 

COlJCLUDING RIEWABKS 

The teat results presented fn thfa paper ahould aid 
the designer8 of seaplane8 in making prelimfnary caloula- 

.- tlona for new dealgna, and improve the general underatatid-' . 
lng, of -the phenomena encountered in the.planfng condition. 
The designer ahould boar fn mind that the meaauramente + 

l 

gfven are strictly applicable only to bottoma of the forma 
teated, running in undisturbed water. The forces recorded 
include the water reaction and such air forces as arise 
from the interference between the bottom and the water 
surface. 

l 
The air drag of the boat hull muat be eathated 

separately in order to arrfve at the total reaiatance aa 
I moaaurcd in hull-model t eata. 

i 

- 
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!. 
The oharactoristlcs of a hull at epeede below tho . -. 

lower limit of planing uan be dotornlnod only by aotual 
model tests. The magnitude of the hump roeistance, how- 
over, can probably be eetlmated roaeonably well for a 
hull having a long flat on the planing bottom, since tho 

*! 

humpeusually occurs at apeod coofficiente within tho range 
covered by these teats. I . I 

Further work on planing surfaces is included In tho 
reeearch program of the N.A.C.A. tank. Surfacoe with lon- 
gitudinal curvature and with arched crone se&ions will . 
be tested in the near futuro. Theoretical work on planing 
phenomena, particularly on the form of the wako aoting on 
the aftorbo.dy of a etopped boat, ie needed. Tho appendtx 
to thle paper offers a solution t,o. this problem for a eim- 
ple ca8e; It in hopod 'that tho expeFimBnte roportod in 
the present paper, together with the work dono by Sottorf 
and others, 'will load to a more ecientifio foundation for 
future doelgn work. -- iS i 

.- ._ -- ..-.. 
. 

Langley Memorial Aeronautical Laboratory, 
National AdVleorg Committee for Aeronautice, 

Langley Vlela, Va., September 7, 1934. , a. 

. 

I. . 
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APPDEDIX ' 

TAKE OF FLAT SUEFACF I ' . _ 
.L m _ 

" "ThQ experimental reenlts piesented in thie paper of-' 
fer a 'basis for calculating the performance of an unetepped ;- 
planing atirfaoe, or of the forebody of a etepped hull. Ee- 
timating the forces on the afterbody of a flying boat or _ 

hydroplane, however, ie aompllcated by the fact that the 
plan9.1g eurface ie working In the dl6turbod wake of the 
foroboay. The wake of a V-bottom planing surface hae a 
complex form that change8 considerably with changes Sn ,. _. 
the ape&L, load, and trim angle. Sottorf hae mQaeured 
the contours of the wave formation for eeveral planing 
BurfacQa, and gives a go.od deecriptfon of their general 
characterietics in reference 3;' The procedure involved in -' 

euch moasuremente is eo laborloue, however, that complete 
I experiments .to determine the wake profiles for all the 

caeee covered la the preeont papor are not practicable. _--. 
-. 

_ At combfnatlone of the independent VariablQ% that 
cause the surface to be eupported primar-ily by dynamib . . . .:a 
lift, the wake' 6f a flat-bottom e&fad-o a$pro&c'bes a fair- 
ly. eimple form. St takes the approximate shape of a reo- 
tangular trough-like depression for F. considerable die- - - ..' 
tame aft of tho trailing edge of the surface. A tho'oret- 
lcal solution of the uako profile for such a c&%g.fe' of- 
fered here in the hope that it vfll be of some uge ln it- 
eelf, and may lead to formulae for calculating the shape ; .v 
of thQ wake for lees sfmple oonditione. -: 

Referring to figure 33, it ie assumed that the hydra- 
etatic Taft ie equal to the'welght of water dieplaced by 
that portion of the eurface extondlng below tho fieeLw&ter 
eurface; then - -.--- 

'wbd" Hydrostatic lift = 2 tan 7 

where w le the weight-density of water, lb./cu.ft. 
.- 

b, beam, ft. 
. - - 

d, draft, ,Pt.. -. 

7. trim angle. 
. . 

‘&presenting the total load by A and the dynam$.a lift by L 

6 
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E. r A - 
nbd= I; wbda 

2 tan 7’ - Z ti 
‘1 ” 

aA tan T 

If the effect of the statio lift on the wake profile 
ia neglected, and tho wake ordinate8 measurad below the 
base line a-a, the dynamic lift L can bo oquatod to 

‘*the downward momentum imparted to the water in unit time, 
-thus 

. 
. 

L = psvu1 (3) ’ a. 
.- 

where p ie the maes density of- water, sluge/cu.ft. 

SI an unknown area of apparent mass 

VI ’ th’e tranelational speed df the surface 

ul* the downward velocity’of the tater surface 
at station 1. 

By this definition, S ie an unknown croes-sectional area 
of-water each that if-all the water passing through thle 
area in uait time were given a..domnward velocity of ul 
the momentum thus imparted would .eqtial tho dynamic lift. 
The subsequent solution depends upon the aesumption that 
8 remain the same for all stations along the wake. At 
any .etation. a dletance x behind the trailing edge of 
the surface the total kinetic plue potential energy of the 
wake ie aaeumed to bo conetant, and equal to t.hQ kinetic 
energy at etatlon 1, the after edgo of the mrfnco. 

. . 
. 

K El = P s v ula 
2 . (4) 

a., 

The potential’enorgy at any point ie equal to the 
work requirod to depress the water surface a distance I 
against the hydroetatic head. The pgtentlal energy at any 
station x . for unit time is thus 

. L!GLsa. P.E. = 2 
- 

rrhero b is the width of the trough; aesumed 
the beam of the Qurfaae. The total energy is 

p s v llz= ‘p s v u?’ w’ .b V &* 
2. =-2 :’ ,.:? -.,$j --.. 

I 

L. 

. 

. 

, 

. 

, 

(5) * l . 

to equal . 

. 

-’ - 1.6) ‘. l - 

_ - . 
I 

., . 
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. 

L 

. 

. 

. 

I - 
. 

1 

where.:u- 2B"th.e downward velocity of the Burface at xd 
From equation (a), p s vu, = L, hence (6) may be re' 
aritten 

L Ill = psVu”fwbVs= 

-aAesuming that the 8peQ-a of the wake relative to the plan- 
ing surface Qquale V, we have -.-_ _ 7 

.‘. .- as u a . dx= 7s a=V_da ax 

.SuI3stitutlng,~~.(.7) .L% . --.- __, 
. ( 1 -as * ps+\& =Lu,-~~bV’~a- . - 

ds = 
JGy= w b v !z= 

- s= 
wbV 

. . 
..- ‘. 

..’ - . 

-.-- 
& 3 + Cl 

, 

% = 0 when x= 0, hence CL = 0: 
- 

---: 

-. d 

. ...; 

7 
Is 

- f 
- .- - -. 

- .__ - --_ 

(13) 
‘-.‘-‘- - _. . . 

/ 
-i 

_ 

-0 

-. 

Aeauning that the wake eurface at stntibn 3. ie parallel to 
the planing bottom, 
(13) to give 

we nay eubetitutr) v' tan-F = Ui in 

.-. ._.-____ 4 . 

e 
---- . 

-Y-‘- 
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4' 

. ..‘...T : Making th-P'e'&z'tistitution in (141 ta-elimfnafe the un- 
known s, we have *. - 

z = IF' ein cx Jp-jzy -- 7 (18) 

Equation (16) showne that, for the *i’ldtiag case cor- 
respond&ng to no hydrostatic lift-i the wake hae the form 
,of a sine curve, and ia lndegendent,'of the epeed. The 
value of 5max is found by equating 

” . -.. . 

add the value o,f ': x corresponding to Qnax if3 . 
I - - 

(17) 

XZ = 5 
/ 

L . 
max 4 w b tan 7 (18) 

Aa a 'ohoc=i.on ths.ae'sumptiona involved In the'forogo- 
ing derivation, the oalculated wake forms are compared 
with Sottorfts meaeuremeats (reference 3) of the wake be- 
hind a flat surface of 0.30-meter (0.986-foot) beam car- 
rying 18 kilograms (39.7 pounde) at a speed.of 6 metore 
(19.7 feet) per second, for three differ&% trim anglee. 
The Lurves Bre ahown in figure 34. It may be eeen that 
neglecting the effect of hydrostatic lift cauBe8 a eerioue 
error in the oalzulated wake form for condition8 corre- 
eponding to values of L/A (hydrodynamic-lift/total-load, 
8 uation 

7 
(2)), appreciably below 1.0. Be the value of 

L A approaches unity, however, tho agreement become6 rea- 
sonably good, It is hoped that further work on:th.e.prob- 
lem will'lead to a solution takging account ofi..t;he effect 
of hydrostatic l%ft, and possibly to an extension co*sr- 
ing the form 'of the tiake behind V-bottom surfaces. . . 

* 
- 
. 

_. .- 
. 

* 

l 

. 1 
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TABLS II. Tul na*s for Hod.1 88, loo nead Rlw 

Watiu denai* 68.6 lb./ou.fk Ta*u bmpuahms 810 c. 
i? 

xiosms~10 ri8~ae - o.wooxaa ~L~/wo. 7. 
T 
I i 

lrafi 

lb. in. 

. 

. 

. 

E-t 3.8.8 

ht:l5 ii-: 
is:4 2: 

46.4 14.4 
48.0 l&s tt:: 
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T&,BIS II. Toot Data for Lb&d 88, 10' Dead Rho (Owtlnued) 

Kate= dearlty 68.6 lb./ou.~. Katu tampuaturr 61' T. 

I 

KIMmat vlroorl~ - 0.00001~3 f 
@a& L On 

load 8Qwu 

I ib. f.p.m 

.- - 
7 - 6O - W I * 

\r 
rrlmalqle, 

kad 8peed RdmLat- bm$u z T Draft 
IpI00 

.- QEU- 
Euro 

18. f.p.8. lb. F in. ia. in. 

6 
'18-a "2 c16.6 

xg-; 187 
. 60-4 
i-a*:3 

.a 

: 87.6 :8 

i.2'10 . :z 

10 -lam8 k-t 6.4 IA5lO 0-B 
'16.1 . 
i g-t ::t 0:: .-i-3? :: 

- 1718 
* ls.6 .'$:Z 

:t 
3.0 .bJ 6 .7 

a-8 
p"-: -31 =.' 8 x 4 '. :' .4 1: 
a:* .+I a.. .4 

. 
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Gnawad from trsillng edge. 

6 .18.0 
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16.8 

.d 2; 
ao:o 

ii-:, 
. al5:e 
'46.6 

10 : 18.0 

: -r! 
'5 

1.1718 Z-P 

paO.a 
z-88.4 
1. M.6 
* 38.8 
r46.0 

a0 16.0 
C16.1 
-*17.6 
t.aO.1 
;'aa.s 

84.6 
: 36.8 

_ '.46.8 

io. 13.0 

--- fix 
~%O:S 
;;i-; 
eia:a 
p46.1 
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:t 
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'2 

:86 

Z-~ 
la:6 
16.0 
18.8 
18.6 

E:B” 

- - 
‘LI 

I e” I 
- * 

--.4 
i 



.- 

Draft 
sn. 

::‘I 
;:i 

:ll 
1.1 

:t- 

l 

. 

. 

. 
I 

. 

i 

. 

c 
. 



1,kh.r. Teohlloal I& IO. 6w a4 

TABLE IV. Ted,Darta fez Hodel ZQ, 60°01adIuaa 

Tator dulalty 63.6 lb./ma.fL. Tator t~atlaro 670 ?. 

xlnematlo VlrooulOJ - o.oooolso it?/,,,. . 
- -. 

- .i 

r + - 00 
lettrd 
-eta 
1% 

Aaf 

1% 

5’ 

I 
b 
I 

- 

rottet 
Rngtl 

in. 

11.8 

PX-eo 
l4:Q 
l0.1 

lQ.0 

::*x . 

%S 

4.0 

2: 

3:: 

88 2 s 8 
6 

I . 

. 
\ 

c 

. . 
l I 

* . 
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-. . 
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T@IZ IV.eTeet Data for Modal 60, 80' Dead Fllor (Oonthtwd) . 
Kater dmdty'68.6 lb./ou.ft. Water temperatom 67' P. 

Klammat10 Yl8ooa%ty - o.omol3o d/800. 

.-. 

r . 

benta 
of 

prom 
F . 
14.0 
16.8 
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::: 

2: 

ii:: 

lb. 
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3:: 
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::g" 
8.8 
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. 

g 
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Figure 4. - Resistance, wetted length and center of pressure. .” 
Model 27, O0 dead rise. r - 4“ -z -m 
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Figure 5: - Resistance, wetted length and center of pressurk 
Model 27, O’dead rise. T 2: 6“ 

. 



l 
N.A.C.A. Technical Note No. 509b Fig. 6 

\ 

: 

. . 

14 
. 

12 I I I I I I 

10 

0 

6 

4 

2 

0 

40 

30 

20 

10 

0 

. 

. 

Bb d3' al 60 

Speed, feet per sec.’ 
Figure 6. - Resistance, wetted length and center of pressure. 

Model 27, O” dead rise, r - 0O. 

‘. . 
--‘i .’ 

.- - 
I_-. ._ .- 



. 

I 

I 

, 

. 

c 

ri 

-. 

. 
. 

N.A.C.A. Technical Note No.508 ’ Fig. _ IW 

6 

gl” 
1-g 

0 5 10 20 25 30 35 40 45 
Speed, feet per sec. _ 

-. 
Figure 7. -Resistance,wetiedlength and center of pressure. 
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Figure 11. - Resistance, wetted length and center of prassti. 

Model 29, 20’ dead rise. T - 4”. 
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Figure 33.-Diagram of wake profile’ for flat surfaoe. 

3) - ._ ._ - : 
Sottorf’s measurements at center line of surface (reference 

-Calculated, asswning L/A - 1.0 
r 

I 
.. 
: 

-Ai. 

1 I I 
L/4 - 0.665 I I I I I I I I 

I I I , 

0 1 2 3 4 5 6 
Distance behind trail- edge, ft. 

, . 
- 

Figure 34.- Comparison of calculated and measured vrake profiles behind 
flat qurface. Beam -.0.3P5 ft., A - 39.71b., V- 19.7 feet per sec. 
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